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of Vascular Surgery, Zentralklinikum Augsburg, Augsburg, GermanyObjectives. The aim of the study was to assess the change in health related quality of life (HRQoL) after infrageniculate
bypass grafting in patients with critical limb ischaemia (CLI).
Design. Observational, prospective clinical study.
Materials and methods. In total, 86 patients (72% male; age 71 (IQR, 64–78) years) undergoing infrageniculate bypass
grafting for limb salvage were assessed by the short form (SF)-36 questionnaire before and 6 months after surgery. In
subgroup analysis, the influence of diabetes mellitus, age, gender, and stage of peripheral arterial occlusive disease on
HRQoL-outcome were assessed.
Results. Following revascularization HRQoL significantly improved in all eight dimensions of the SF-36. While baseline
HRQoL-values of diabetic and non-diabetic patients did not differ significantly, postoperative improvement was
significantly less in the diabetes group.
Conclusions. An aggressive approach towards infrageniculate bypass surgery for limb salvage is justified by quality of life
improvement. However, this improvement tends to be less in patients with diabetes mellitus.Keywords: Quality of life; Short form 36; Bypass; Critical limb ischaemia; Peripheral vascular disease; Diabetes mellitus.Introduction
The promising results observed after infrageniculate
bypass grafting1–3 seem to justify an aggressive
approach towards bypass surgery for limb salvage.
However, the value of bypass grafting from the
patient’s perspective has repeatedly been questioned
due to adverse effects such as the need for repeated
surgery and interventions for maintenance of graft
patency, long hospitalization, delayed wound healing
of the ischaemic and the surgical wound, and the
occasionally inevitable need for secondary amputa-
tion.4,5 The outcome of bypass surgery is traditionally
assessed by means of patency rates, limb salvage rates,
and survival rates. However, the patients themselves
measure the success of any operation rather in terms of
pain reduction, improved mobility, regained ability to
participate in family and social activities, and other
aspects of health related quality of life (HRQoL).ing author. Michael Engelhardt, MD, Division of
gery, Department of Surgery, Military Hospital Ulm,
erg 40, D-89081 Ulm/Donau, Germany.
: m-engelhardt@web.de
0182 + 06 $35.00/0 q 2006 Published by Elsevier Ltd.However, there is no evidence whether patients feel
any self-assessed benefit from infrageniculate bypass
surgery with regard to the HRQoL, and whether
differences between subgroups of patients with critical
limb ischaemia (CLI) have to be taken into
consideration.
The aim of this prospective study was to assess the
change in HRQoL after infrageniculate bypass grafting
for limb salvage, particularly in patients with diabetes
mellitus, who represent the majority of patients
requiring infrageniculate bypass surgery.Materials and Methods
Eighty-six consecutive patients, 62 males (72.1%),
median age 71 (IQR, 64–78) years, undergoing
infrageniculate bypass grafting for CLI were assessed.
Indications for arterial reconstruction were rest pain in
16 (18.6%) and tissue loss in 70 (81.4%) patients. Risk
factors for arteriosclerosis were diabetes mellitus in 53
(61.6%), smoking in 34 (39.5%), hyperlipidaemia in 48
(55.8%), and hypertension in 77 (89.5%) patients.Eur J Vasc Endovasc Surg 32, 182–187 (2006)
doi:10.1016/j.ejvs.2006.02.007, available online at http://www.sciencedirect.com on
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obtained and a clinical examination was performed
including ankle brachial pressure index (ABPI). A
digital subtraction angiography served for planning of
the revascularization. All patients with CLI scheduled
for infrageniculate bypass grafting were asked to
complete the short form (SF)-36 questionnaire for
assessment of the HRQoL. Patients unable or unwill-
ing to complete the form were excluded from the
study.
Revascularizations were performed with autoge-
nous vein conduit in 62 (72.1%) patients, and with
prosthetic grafts and composite grafts in 16 (18.6%)
and eight (9.3%) patients, respectively. The outflow
sites are given in Table 1. The use of prosthetic grafts
was limited to popliteal and proximal tibial recon-
structions. For quality assessment, all bypasses were
controlled by intraoperative angiography and electro-
magnetic flow-measurement. Electromagnetic flow-
measurement was not used for prosthetic grafts. After
surgery, all grafts were assessed by CT-angiography
and measurement of ABPI.
Seventy-four patients were included in follow-up at
6 months after surgery. Bypass surveillance included
physical examination, ABPI, and duplex scanning. A
peak systolic velocity (PSV) ratio ofO3.5 or a PSVof!
40 cm/s were considered suspicious of graft failure.
These failing grafts were assessed by angiography and
revised when appropriate. Again, all patients were
asked to complete the SF-36 questionnaire.
The SF-36 questionnaire is a self-assessment
measure, containing 35 questions that cover eight
dimensions of HRQoL: physical functioning index
(PFI), role physical index (ROLPH), pain (PAIN),
social functioning index (SOCIAL), mental health
index (MHI), role emotional index (ROLEM), vitality
(VITAL), and general health perception index (GHP).6
For each dimension, items scores are coded, summed,
and transformed onto a scale from 0 to 100. A high
score indicates good health status from the patient’s
perspective. An additional item addresses the change
in general health status over time. This instrument has
been recommended by the TASC-Committee7 and
others8 to measure the baseline and changes in generalTable 1. Location of the distal anastomosis in 86 patients with
infrageniculate bypass for limb salvage
Artery n (%)
Popliteal 44 (51.1)
Peroneal 15 (17.5)
Anterior tibial 12 (14.0)
Posterior tibial 11 (12.8)
Dorsalis pedis 4 (4.6)health status in patients with peripheral arterial
occlusive disease (PAOD).
HRQoL scores are presented as median values. The
Wilcoxon matched pairs test was used for comparing
baseline and follow-up results, and the Mann–
Whitney U-test for comparison of subgroups of the
sample. Life table analysis was used to estimate
cumulative patency rates, limb salvage rates, survival
rates, and amputation-free survival rates. Life tables
were compared by the log-rank test. A p-value !0.05
was considered statistically significant.Results
Patient survival rate, limb salvage rate, and amputa-
tion-free survival rate were 87.6, 83.1, and 77.9%,
respectively. Primary patency rate, assisted primary
patency rate, and secondary patency rate were 79.1,
88.6, and 93.7%, respectively. The results obtained for
the SF-36 questionnaire are displayed in Figs. 1–5.
Baseline HRQoL was considerably worse in the study
population with CLI compared to an age-adjusted
healthy German reference population9 (Fig. 1). The
domains role physical, physical functioning, pain, and
role emotional were particularly affected. Seven
months after successful revascularization, health
status had significantly improved in all eight dimen-
sions (Fig. 2). The most affected HRQoL-scores were
role physical, pain, and role emotional. Least
improved were general health perception and physical
functioning. Postoperative HRQoL from patients with
repeated procedures for maintenance or reestablish-
ment of graft patency did not differ significantly from
patients with primary patent grafts.
In a subgroup analysis, patients with (nZ53) and
without (nZ33) diabetes mellitus were compared
(Table 2). The comparison of baseline HRQoL-values
revealed no significant difference between both
groups, except for the domain role emotional (Fig. 3).
In contrast, half a year after bypass surgery, HRQoL-
values proved to be significantly better in the non-
diabetic group than in the diabetic group (Fig. 4).
Although both groups improved in all domains
compared to preoperative baseline values (NDM: all
p!0.005; DM: all p!0.05 except for General Health
Perception, pZ0.227), diabetic patients benefit clearly
less in all eight dimensions (Table 3). However,
outcome measures such as patency rates, limb salvage
rate, patient survival rate, and amputation-free
survival rate did not differ significantly between
both groups (Table 2).
Further subgroup analysis comparing age, gender,
and indication for bypass surgery did not reveal anyEur J Vasc Endovasc Surg Vol 32, August 2006
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Fig. 1. Baseline HRQoL-values for all patients with CLI ( ) (nZ86) in comparison to an age-adjusted, healthy, German
population ( ) (nZ328).9
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Fig. 2. Comparison of HRQoL-values for all patients before ( ) (nZ86) and half a year after ( ) (nZ74) infrageniculate
bypass surgery (*p!0.001; **pZ0.001).
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Fig. 3. Comparison of HRQoL before infrageniculate bypass surgery: diabetes mellitus ( ) (nZ53) vs. non-diabetes mellitus
( ) (nZ33) (*not significant; **pZ0.04).
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Fig. 4. Comparison of HRQoL half a year after infrageniculate bypass surgery: diabetes mellitus ( ) (nZ48) vs. non-diabetes
mellitus ( ) (nZ26)(*p!0.001; **pZ0.001).
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values.
Change in general health status at follow-up
compared to the preoperative situation was judged
as improved in 77.0% (57/74), unchanged in 17.6%
(13/74), and worse in 5.4% (4/74) of the cases assessed
(Fig. 5). Although there was no significant difference
between diabetics and non-diabetics in this context, it
is noteworthy that all four patients with impaired
health status were from the diabetic group.Discussion
This prospective study was conducted to assess the
change in quality of life after infrageniculate bypassmuch worseworseunchangedbettermuch better
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Fig. 5. Self-assessed change in general health status 6 months
after bypass surgery in comparison to the preoperative
status (DM, diabetes mellitus (nZ48); NDM, non-diabetes
mellitus (nZ26)).grafting for limb salvage. From the patient’s perspec-
tive, quality of life had clearly improved in all eight
domains of the SF-36 after successful revasculariza-
tion. However, despite similar outcomes, diabetic
patients improved less than non-diabetic patients
within the first 6 months after surgery.
There is a great body of evidence indicating that
quality of life is impaired in patients with peripheral
artery occlusive disease,10–17 and that patients with
CLI are affected more adversely than those with
intermittent claudication.16,18 Consequently, SF-36
baseline values in this study population with CLI
were impaired compared to a healthy age-adjusted
population. As described by Bullinger et al., no
difference could be detected between patients with
different stages of CLI.18
Improvement of quality of life after arterial
reconstruction has been demonstrated by several
studies.19–28 However, a comparison of the results is
difficult due to inhomogeneous groups of patientsTable 2. Comparison of patients with (nZ53) and without (nZ33)
diabetes mellitus
Diabetes (%) Non-diabetes
(%)
p
Indication
Rest pain 11.3 30.3
Tissue loss 88.7 69.7
Amputation
Minor 34.0 12.1
Major 17.0 12.1
Primary ass.
patency
88.6 89.3 0.85
Secondary
patency
96.0 90.4 0.35
Limb salvage
rate
83.4 80.8 0.64
Survival rate 93.1 79.0 0.09
Amputation-
free survival
81.8 70.5 0.56
Eur J Vasc Endovasc Surg Vol 32, August 2006
Table 3. Baseline and follow-up HRQoL-values for diabetic (DM) and non-diabetic (NDM) patients (median values; Mann–Whitney U-
test)
SF-36 domain Baseline Follow-up
NDM (nZ33) DM (nZ53) p NDM (nZ26) DM (nZ48) p
PFI 25.00 20.00 n.s. 70.00 35.00 0.001
ROLPH 0.00 0.00 n.s. 100.00 0.00 0.001
PAIN 22.00 22.00 n.s. 84.00 41.00 !0.001
SOCIAL 50.00 50.00 n.s. 93.75 68.75 !0.001
MHI 56.00 56.00 n.s. 82.00 68.00 0.001
ROLEM 66.67 0.00 0.04 100.00 66.67 0.001
VITAL 40.00 35.00 n.s. 80.00 45.00 !0.001
GHP 50.00 52.00 n.s. 79.13 60.00 0.001
M. Engelhardt et al.186with different indications for surgery and different
procedures for arterial reconstruction. Therefore, this
study focussed on patients with CLI undergoing
bypass surgery with the outflow site below the knee.
The value of revascularization with respect to the
quality of life is particularly questionable in this group
of patients due to the high susceptibility of these
arterial reconstructions to failure, and the increased
incidence of severe co-morbidities and chronic ischae-
mic wounds. Nevertheless, even under these
unfavourable circumstances, self-assessed quality of
life clearly improved within 6 months after surgery.
While the dimensions general health perception,
vitality, pain, and mental health index reached values
comparable to an age-adjusted population without
PAOD, the items physical functioning, role physical,
role emotional, and social functioning remained
impaired, despite improvements compared to the
preoperative values. A 6 months follow-up period
might be too short for complete recovery from surgery,
which explains why these domains affecting physical
performance (e.g. physical functioning, role physical)
were not yet restored to a level comparable to healthy
controls. With a mean time of 4.2 months (range, 0.4–
48 months) to complete healing of operative and
ischaemic wounds,5 many patients might still be
requiring nursing care 6 months after surgery, which
still limits their mobility and social activities despite
functioning grafts. This may be especially true for
diabetic patients, presenting ischaemic wounds as
indication for surgery (88.7%) more often than non-
diabetic patients (69.7%). By the same token, using the
SF-36 1, 3, 6 and 12 months after infrainguinal arterial
reconstruction, Chetter et al. reported continuing
improvements of several HRQoL domains (e.g.
physical functioning) for up to 1 year following
surgery.24
Baseline HRQoL-values for diabetic and non-
diabetic patients were similar, except for the domain
role emotional, which addresses role limitations due to
emotional problems. While both groups benefit from
surgery with regard to quality of life, the degree ofEur J Vasc Endovasc Surg Vol 32, August 2006improvement is clearly less in patients with diabetes.
In their 1-year follow-up quality of life study after
surgical revascularization, Klevsga˚rd et al. point out
that among other factors, the severity of disease
influences the degree to which the quality of life
improves.21 Diabetes mellitus in elderly patients is
typically associated with several co-morbidities and
often with non-healing ischaemic-neuropathic
wounds. Therefore, although preoperative quality of
life was not more impaired than in non-diabetic
patients, severity of this chronic disease with delayed
recovery from surgery and problematic wound
healing might be one reason for limited improvement
of quality of life felt by this group of patients.
Especially for diabetic patients a 6 month follow-up
might, therefore, be too short to achieve a benefit
comparable to that of non-diabetic patients, and
further quality of life assessments at later follow-ups
will be necessary.
In conclusion, self-assessed quality of life is clearly
improved 6 months after infrageniculate bypass
surgery. However, this improvement tends to be less
in patients with diabetes mellitus. Nevertheless, an
aggressive approach towards infrageniculate bypass
surgery seems to be justified in diabetic and non-
diabetic patients with CLI since both groups do benefit
from surgery with regard to their quality of life, albeit
to a different extent.References
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